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Abstract: 

Objective is to provide real time constituent data analysis and potential 
vorticity computations in support of the Airborne Arctic Stratospheric 
Experiment (AASE). NMC meteorological data and potential vorticity 
computations derived from NMC data are projected onto aircraft coordinates and 
provided to the investigators in real time. ER-2, balloon and satellite 
constituent data is composited into modified Lagrangian-mean coordinates. 
Various measurements are intercompared , trends deduced and reconstructions of 
constituent field performed. 

Summary of Progress and Results : 

The real time data objectives were met during the Norway AASE mission and 
meteorological data files were provided to the investigators in Norway. 
Improvements in the analysis were made after the mission, and updated files 
have been provided to the archive at NASA Ames. Demand for the data sets has 
been high as the meteorological data has been crucial in determining the 
location of the polar vortex and interpreting the DC-8 column constituent 
data. Meteorological data analysis is now being extended to cover the 
previous AAOE mission period (August-September, 1987) so that potential 
vorticity data sets will be available for both missions. 

The reconstruction and modified Lagrangian mean transformation procedure has 
proven to be a powerful tool for the extension and in ter comparison of 
constituent data sets. Recently the DIAL lidar, ER-2 insitu and ozonesonde 
measurements taken at different locations have been directly compared with 
suprisingly good agreement. 

In addition to this work, analysis of meteorological and total ozone data 
projects have continued. This analysis includes characterizing the effect of 
the QBO in modulating the Antarctic ozone depletion, comparison between the 
1988 and 1987 southern hemisphere depletions, and analysis of long term trends 
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in ozone and temperature from NMC data. Additional research on gravity wave 
propagation and breakdown has also been performed. 
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RESEARCH OBJECTIVES: 

This research is devoted to examining the role of the 
stratosphere, and to a lesser extent the troposphere, in 
determining the ultraviolet radiation levels incident on the 
biosphere. The approach combines radiative transfer 
calculations (which include multiple Rayleigh scattering, 
absorption by an arbitrary number of gases, scattering 
within clouds, and reflection from a lower boundary) with 
measurements of atmospheric composition. 


PROGRESS AND RESULTS (1988-89): 

Results published in 1988 showed that variations in local 
cloudiness of plus or minus 10% at middle latitudes could 
lead to changes in surface ultraviolet radiation as g ea 
those predicted from trends in ozone since 1970. Analyses 
performed for the Scientific Assessment of Stratospheric 

Ozone: 1989 demonstrate that trends in ozone of the^ 

magnitude - derived from Dobson measurements would not appear 
in a straightforward manner in the data record acquired by 
the Robertson-Berger (RB) meter network . There is therefore 
no inconsistency between the derived decline in o 
middle latitudes of the Northern Hemisphere and the failure 
of the RB meters to observe increased ultravi oh et irradiance 
at the ground. Effects of local cloudiness and of localized 
sources 9 of air pollution can be major factors in determining 
trends in the RB meter output. 

In other research supported under this grant we examined the 
impact of the springtime Antarctic ozone deletion on th« e 
surface ultraviolet radiation environment of the region. As 
one proceeds from September through December surface 
radiation level increase in response to the natural change 
in solar elevation. However, the presence of a large ozone 
depletion in October leads to ultraviolet irradiances 
similar to or greater than those at summer solstice. The 
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effect of the ozone hole is therefore to extend the duration 
of summerlike ultraviolet radiation levels. Any persistence 
of the ozone depletion as summer approaches would be 
especially significant here. 
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Research Summary (1988) 


A. Title of Research Task : 

A Correlative Study of SME Ozone Observations and Ground-based Microwave 
Water Vapor Measurements 

B. Investigators and Institutions : 

Principal Investigator: Richard M. Bevilacqua 

E. 0. Hulburt Center for Space Research 
Naval Research Laboratory 
Washington, DC 


Co - Investigators : 


Michael E. Summers 

E. 0. Hulburt Center for Space Research 
Naval Research Laboratory 
Washington, DC 


John J. Olivero 
Department of Meteorology 
The Pennsylvania State University 
University Park PA 


Darrell F. Strobel 
Department of Earth and 
Planetary Sciences and 
Department of Physics and Astronomy 
The Johns Hopkins University 
Baltimore, MD 

C. Abstract of Research Objectives : 


Mark Allen 

Earth and Space Sciences Division 
Jet Propulsion Laboratory and 
Division of Geological and 
Planetary Sciences 
California Institute of Technology 
Pasadena , CA 


The major objective of the study Is to employ Solar Mesosphere Explorer 
(SME) ozone and solar flux measurements, along with ground-based microwave 
water vapor measurements , in order to study the photochemistry of the 
mesosphere. Water vapor is the climatological variable most important in 
controlling ozone concentrations in the mesosphere because It Is the 
predominant source of odd hydrogen which (through the odd hydrogen catalytic 
cycle) dominates ozone loss In the mesosphere. By analysis of the water vapor 
and ozone data, and interpretation with a 1-D photochemical model, we intend 
to provide a more complete understanding of the vertical distribution of ozone 
in the mesosphere. In addition, the measured water vapor profiles will be 
used with the 1-D model to investigate vertical transport processes and time- 


scales in the mesosphere. 


D . Summary of Progress and Results : 

We have analyzed three years of ground-based microwave water vapor 
measurements obtained at Penn State. The observations indicate that the 
seasonal variation of water vapor in the upper mesosphere is dominated by an 
annual variation with low abundances in winter and high abundances In summer. 
This suggests that advectlon dominates diffusion in establishing the vertical 
distribution of water vapor In the mesosphere, and is consistent with the 
steep vertical gradient In the water vapor mixing ratio profile persistently 
observed in the upper mesosphere. However, it is very difficult to reconcile 
the annual water vapor variation with the predominantly semiannual variation 
of ozone in the upper mesosphere observed by SME. In fact, we have performed 
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